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Description 

The present invention relates to the construction 
of a generai-purpose industrial electric motor, by 
which the vibration and noise are reduced, and more 5 
particutarly, to a motor balancing structure for bal- 
ancing such an electric motor. 

The increases in the machining speed in the field 
of machine tools have led to problems such as a low- 
ering of the machining accuracy due to the vibration io 
of the electric drive nrK)tors used for driving the spindle 
and other nriovable components of a machine tool, 
and an increase of the noise therefrom. It is consid- 
ered that the vibration of an electric motor can be 
most effectively reduced by correcting an unbalanced 15 
state of each rotating component of the electric motor. 

Therefore, in the conventional procedure for as- 
sembling an electric motor, the respective rotating 
components of the motor are first balanced to thereby 
obtain a well-balanced final product as the electric 20 
motor. 

In a very-high speed motor operating at a maxi- 
mum rotational speed of more than 15,000 r.p.m., 
however, even a very small imbalance therein can 
cause detrimental vibration and noise when the motor 25 
operates in the high-speed range. Namely, if the ro- 
tating components of an electric motor are balanced 
individually and the components are then assembled, 
very small imbalances remaining in the components 
may accumulate to form an imbalance that exceeds 30 
an allowable limit. 

Even if it is intended to complete the construction 
of the motor by pre-assembling the rotating compo- 
nents thereof and balancing same before combining 
the balanced rotating components with a motor cas- 35 
ing and associated parts, it is frequently impossible 
to carry out such an assembling process due to struc- 
tural restrictions, and even if it is possible to assem- 
ble the motor by such assembling method, a problem 
arises In the quality control of the motor. For example, 40 
it is necessary to take the bearings to pieces, to at- 
tach only the inner rings to the output shaft of the mo- 
tor, and to reassemble the bearings after balancing 
the combination of the output shaft and the inner 
rings. Such a method requires much time and labor, 45 
and unavoidably gives rise to problems such that the 
bearings are contaminated with dust. Furthermore, 
the parts and components of the motor must be 
mounted on an external drive means of a commercial 
balancing machine, to be dynamically balanced indi- so 
vidually, but since the external drive means of the 
commercial balancing machine can rotate the parts 
only at 3,000 r.p.m. at most, the commercial balancing 
machine is incapable of detecting a small imbalance 
thereof. S5 

Accordingly, an object of the present invention Is 
to provide a low cost, balanced motor structure capa- 
ble of balancing a motor so that the motor is able to 



operate in a well-balanced state over the entire oper- 
ating speed range. 

DE-A-5270422 and FR-A-2461855 both disclose 
balancing rings which also act as seal members. 

US-A-2249834 discloses an apparatus compris- 
ing an electric motor having a rotating output shaft 
provided with axially opposite external ends and a 
balancing structure comprising a respective disk 
member fixedly attached to each end of the output 
shaft, each of the disk members having axially inner 
and outer surfaces formed perpendicular to the axis 
of rotation of the output shaft; and according to the 
present invention, such an apparatus is characterised 
by the axially outer surfaces of each of said disk mem- 
bers having defined thereon a plurality of internally 
threaded holes, the plurality of internally threaded 
holes being externally exposed so as to enable an op- 
erator to access the plurality of internally threaded 
holes, at least one of the disk members being a lab- 
yrinth seal; and a plurality of balancing screws of dif- 
ferent lengths, wherein, in use, one of the screws is 
interchangeably screwed into a corresponding Inter- 
nally threaded hole in one of the two disk members, 
for interchangeably balancing the output shaft of the 
electric motor. 

This enables a dynamic balance of an electric 
motor to be obtained through a measurement of an 
imbalance while the assembled motor is rotated un- 
der its own drive power on a commercial balancing 
machine marketed as a field balancing machine. The 
imbalance is then eliminated by screwing the balanc- 
ing screw, from outside the motor, into the internally 
threaded hole of the labyrinth seal-defining structural 
member and optionally the rotational speed detecting 
gear, to an appropriate point. Since the motor can be 
balanced at both the front and rear ends, to obtain a 
two- point balance, the motor can be accurately dy- 
namically balanced. 

In the accompanying drawings: 
Fig. 1 is a longitudinal sectional view of an elec- 
tric motor incorporating therein a dynamic bal- 
ancing structure according to a first embodiment 
the present invention; 

Fig . 2 Is a front view of a structural member form- 
ing a labyrinth seal, as viewed in the direction of 
an arrow A or B in Fig. 1 ; 

Fig. 3 is a longitudinal sectional view of an elec- 
tric motor incorporating therein a dynamic bal- 
ancing structure according to a second embodi- 
ment of the present invention; 
Fig. 4 is a front view of a gear member used for 
detecting a rotational speed of the motor, as 
viewed in the direction of the arrow C in Fig. 3; 
and 

Fig. 5 is a longitudinal sectional view of another 
electric motor Incorporating therein a dynamic 
balancing structure similar to that shown in Fig. 
1. 
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The present invention will be described herein- 
after with reference to preferred embodiments there- 
of as illustrated in the accompanying drawings. 

Referring to Fig. 1 , a front bearing 20F and a rear 
bearing 20R are fitted in a front housing 1 6 and a rear 5 
housing 18 provided on the front and rear ends of a 
stator 10, respectively. Arotor 12 integrally combined 
with an output shaft 14 supported for rotation by the 
bearings 20F and 20R is disposed radially opposite to 
the stator 10. The components 24G and 24S of a ro- io 
tat ion detector for detecting the rotational position 
and/or the rotational speed of the output shaft 14 are 
provided in connection with the rear portion of the out- 
put shaft 14. In this embodiment, the front and rear 
ends of the output shaft 14 extend outside the front 15 
housing 16 and the rear housing 18, respectively. 

If the electric motor provided with the output shaft 
14 having front and rear ends respectively projecting 
outward from the front and rear housings is intended 
for use on a machine tool or the like, generally the mo- 20 
tor is provided with labyrinth seals at the front and rear 
ends thereof, i.e., in the front end of the front housing 
16 and in the rear end of the rear housing 18, respec- 
tively, to prevent the entry of oil mist and the like con- 
tained in the ambient atmosphere to the inside of the 25 
motor through gaps between the output shaft and the 
front housing 16, and between the output shaft and 
the rear housing 18. Accordingly, disk-like members 
22F and 22R forming the labyrinth seals in combina- 
tion with the front housing 1 6 and the rear housing 18 30 
are fixed to the front and rear ends of the output shaft 
14, respectively. 

The balanced motor structure of the first embodi- 
ment of the present invention is characterized by bal- 
ancing the motor by using the front disk-like member 35 
22F and the rear disk-like member 22R, after the 
completion of the assembly of the motor. 

Referring to Figs. 1 and 2, the disk-like member 
22F ( 22R ) is provided, in an outer surface thereof 
exposed to the outside, with a plurality of internally 40 
threaded holes ( in this embodiment, sixteen internal- 
ly threaded holes ) 22A at the same radial positions 
and at equal angular intervals. The motor shown in 
Fig. 1 is rotated under its own drive power on a com- 
mercial field dynamic balancer, so that the rotational 45 
speed of the output shaft 14 is gradually increased to 
a maximum rotational speed of, for example, 15,000 
r.p.m., to measure an imbalance thereof. Then, a bal- 
ancing screw 26 capable of being engaged in the in- 
ternally threaded hole 22A is screwed in the internally 50 
threaded hole 22A to an appropriate point at which the 
measured imbalance is dynamically adjusted to the 
least possible extent. At this stage, since the internal- 
ly threaded holes 22a in both the front and rear disks 
22F and 22R can be used for the balancing of the mo- 55 
tor, the accuracy of the adjustment of the balance of 
the motor can be increased. The selective use of a 
plurality of kinds of balancing screws 26 having dif- 



ferent lengths further improves the balancing accura- 
cy. For an even more accurate balancing, portions of 
the disk-like members 22F and 22R may be drilled to 
desired depths to thereby remove any residual imbal- 
ance of the motor. 

The construction of the rear portion of an electric 
motor shown In Fig. 3 incorporating a balancing struc- 
ture according to the second embodiment of the pres- 
ent invention is different from that of the rear portion 
of the motor shown in Fig. 1. Namely, the rear end of 
an output shaft 14 terminates at the components 24G 
and 24S of a rotational speed detector, and a cooling 
fan 30 is disposed behind the output shaft 14. When 
the motor of this embodiment is to be dynamically bal- 
anced by the field balancing machine, the cooling fan 
30 and the rear cover 1 8a of a rear housing 1 8 are 
temporarily removed. A front disk-like member 22F 
provided at the front end of the motor, and the gear 
member 24G of the rotational speed detector on the 
rear end are formed with internally threaded holes 
22Aat equal angular intervals, as shown in Fig. 2, and 
balancing screws 26 are screwed in the internally 
threaded holes 22A, to appropriate points, to thereby 
eliminate an imbalance measured by the balancing 
machine Figure 4 illustrates the gear member 24G 
viewed in the direction of the arrow C. 

Figure 5 illustrates an electric motor provided 
with a hollow output shaft 14', instead of the output 
shaft 1 4 of the motor of Fig. 1 . The hollow output shaft 
14' has a front end provided with a coupling member 
34, and a rear end connected to a rotary joint 32. The 
present Invention Is also applicable to the balancing 
of the motor to be used in a mode such as illustrated 
In Fig. 5, 

As apparent from the foregoing description, ac- 
cording to the present invention, the imbalance of an 
electric motor can be all but eliminated after conv 
pleteiy assembling the motor, simply by using balanc- 
ing screws. Since the disk-like members for the lab- 
yrinth seals and the gear member of the rotational 
speed detector for receiving the balancing screws are 
Integral components of the electric motor, the use of 
the disk-like members for the labyrinth seals or the 
gear as the means of obtaining a dynamic balancing 
of the motor does not appreciably increase the man- 
ufacturing cost of the motor. Furthermore, since the 
motor is balanced after the completion of the assem- 
bly of the motor, the resultant balance of the motor is 
very accurate. 



Claims 

1. An apparatus comprising an electric motor hav- 
ing a rotating output shaft (14) provided with ax- 
ially opposite external ends and a balancing 
structure comprising a respective disk member 
(22F,22R,24G) fixedly attached to each end of 



3 



5 



EP 0 470 265 B1 



6 



the output shaft, each of the disk members hav- 
ing axially inner and outer surfaces formed per- 
pendicular to the axis of rotation of the output 
shaft; characterised by the axially outer surfaces 
of each of said disk members having defined 
thereon a plurality of internally threaded holes 
(22A), the plurality of internally threaded holes 
being externally exposed so as to enable an op- 
erator to access the plurality of internally thread- 
ed holes, at least one of the disk members 
(22F,22R) being a labyrinth seal; and a plurality 
of balancing screws (26) of different lengths, 
wherein, in use, one of the screws is interchange- 
ably screwed into a corresponding internally 
threaded hole (22A) in one of the two disk mem- 
bers (22F,22R,24G), for interchangeably balanc* 
ing the output shaft of the electric motor. 

2. An apparatus according to daim 1, wherein one 
of said disk members is a rotational speed detect- 
ing gear means (24G) having gear teeth formed 
its outer circumference. 

3. An apparatus according to claim 1 or daim 2, 
wherein the internally threaded holes (22A) of at 
least one disk (22F,22R,22G) are arranged at 
equal radial distances from the axis of rotation of 
the output shaft, and at equal angular intervals. 



PatentansprQche 

1. Vorrichtung, welche einen Elektromotor umfaUt, 
dereine rotierende Abtriebswelle (14) besitzt, die 
mit einander in axialer Richtung gegenuberlie- 
genden externen Enden versehen ist, und der ei- 
ne Auswuchtkonstruktion aufweist, dieanjedem 
Ende der Abtriebswelle einfest montiertes Schei- 
benelement (22F, 22R, 24G) umfa&t, wobei Jedes 
der Schelbenelemente in axialer Richtung elne 
innere und eine 3u&ere OberflSche aufweist und 
wobei diese Oberf ISchen senkrecht zur Drehach- 
.se der Abtriebswelle ausgerichtet sind, dadurch 
' gekennzeichnet, da& die in axialer Richtung au- 
&eren Oberflachen jedes der Schelbenelemente 
mit darin definierten Gewindebohrungen (22A) 
versehen sind, wobei die mehreren Gewindeboh- 
rungen nach au&en offen sind, derart, da& ein 
Bedienungsmann Zugang zu den mehreren Ge- 
windebohrungen hat, wobei mindestens eines 
der Schelbenelemente (22F, 22R) eine Labyrinth- 
dichtung ist; und dad mehrere Auswuchtschrau- 
ben (26) unterschiedlicher LSnge vorgesehen 
sind, wobei im Gebrauch eine der Schrauben 
auswechselbar in eine entsprechende Gewinde- 
bohrung (22A) in einem der betden Scheibenele- 
mente (22F, 22R, 24G) eingeschraubt wird, um 
die Abtriebswelle des Elektromotors austausch- 



bar auszuwuchten. 

2. Vorrichtung nach Anspruch 1, bei der eines der 
Schelbenelemente ein zu einem Drehgeber ge- 

5 horiges Zahnrad (24G) 1st. welches an seinem 

3u&eren Umfang angefbrmte ZShne aufweist. 

3. Vorrichtung nach Anspruch 1 Oder 2, bei der die 
Gewindebohrungen (22A) mindestens einer 

10 Scheibe (22F, 22R, 22G) In gleichen radialen Ab- 

st3nden von der Drehachse der Abtriebswelle 
und in gleichen Winkelabst3nden angeordnet 
sind. 

15 

Revendicatlons 

1. Appareil comportant un moteur dlectrique ayant 
un arbre de sortie rotatif (14) pourvu d'extrSmit^s 

20 externes axialement oppos^es et una structure 

d'dquilibrage comportant un 6l6ment en forme de 
disque respectif (22F, 22R, 24G) fix6 k cheque 
extr^mitd de I'arbre de sortie, chacun des ^Id- 
ments en forme de disque ayant des surfaces 

25 axialement interne et externe form6es perpendi- 

culalrement d Taxe de rotation de I'arbre de sor- 
tie; caract^risd par le fait que les surfaces axia- 
lement externes de chacun des 6i^ments en for- 
me de disque ont plusieurs trous taraud^s (22A) 

30 d^finis dedans, la multiplicity de trous taraud^s 

6tant expos6e ^ Text^rieur de fagon ^ permettre 
d un op^rateur d'acc6der d la multiplicity de trous 
taraud^s, au molns un des dldments en forme de 
disque (22F, 22R) 6tant un joint d labyrinthe; et 

35 par plusieurs vis d'^quilibrage (26) de diff^rentes 

longueurs, une des vis, lors de Tutilisation, ytant 
viss^e de mani^re Interchangeable dans un trou 
taraud6 correspondent (22A) dans un des deux 
dl6ments en forme de disque (22F, 22R, 24G) 

40 af In d'Squiilbrer de mani^re interchangeable I'ar- 

bre de sortie du moteur dlectrlque. 

2. Appareil selon la revendication 1, dans lequel un 
des yi^ments en forme de disque est constltu^ 

45 par des moyens d'engrenage de d6tection de Vi- 

tesse de rotation (24G) ayant des dents d'engre- 
nage form^es sur sa circonfyrence ext^rieure. 

3. Appareil selon la revendication 1 ou la revendica- 
50 tion 2, dans lequel les trous taraud^s (22A) d'au 

moins un disque (22F, 22R, 22G) sont disposes 
li des distances radiales Agates par rapport ^ 
I'axe de rotation de I'arbre de sortie, et ^ des in- 
tervenes angulaires dgaux. 

55 
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Fig. 2 




Fig. 4 
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